The viruses of Geminiviridae family cause many economically important virus diseases of crops worldwide, limiting the vegetable production in tropical, subtropical and temperate regions. The Geminiviridae as a major plant pathogen in this countries [13] infects a wide range of cultures, making a serious threat to farming industry. The devastating effects of Maize streak virus (MSV) in Africa, Tomato yellow leaf curl virus in the United States, Tomato pseudo-curly top virus (TPCTV) in the south-eastern United States, Bean golden yellow mosaic virus (BGYMV) in Central America and Beet curly top virus (BCTV) worldwide show the relevance of the studding these pathogens in Ukraine to develop preventive strategies aimed at early detection and identification to create resistant plant varieties and to control their vectors. Fig. 1 Electron micrograph of Geminiviridae prepared by Dr R.G. Milne [12] The first description of a geminivirus disease have been recorded as early as 752 AD in the Man'yoshu, classical Japanese poetry. Recently it have been shown the autumnal appearance of eupatorium plants in the summer, are caused by a geminivirus/satellite disease complex [24] . Over the last two decades the viruses massively appear outside of theirs ecological niches -in tropical and subtropical regions [17] . Such rapid expansion of the diseases caused by these viruses scientists associated with the emergence of new virus strains and increasing the number of virus vectors as a result of global warming and emerging insecticide resistance [25] . In addition, importation of infected planting material, the introduction of new crops or susceptibility genes through tissue culture and also climatic factors contribute to the spread of these viruses.
The most begomoviruses are transmitted by the whitefly species, Bemisia tabaci (Hemiptera, family Aleyrodidae), leafhopper (Cicadellidae) or treehopper (Membracidae) [14] and are pathogens of cereals, vegetables and bast crops, posing a serious threat to agriculture worldwide. In particular, this viruses infect most important crops: Solanaceae: tomatoes, tobacco, pepper, petunia; Fabaceae: Common Bean, Lima beans, soybeans; Malvaceae: cotton, okra; Euphorbiaceae: cassava; Cucurbitaceae: melon, watermelon, zucchini. Viruses of this family are not transmitted with seeds [5] , some of them can be transmitted by mechanical inoculation of infected plant sap [23] .
Interestingly, geminiviruses are one of the few plant virus families using a DNA genome. According to Rojas et al., most plant viruses use an RNA genome, which suggests that plants have controlled the evolution of DNA viruses [22] . The Geminiviridae evolution went towards improving the mechanisms that would allow to control the plant cell life cycle, move freely from cell to cell and throughout the plant, avoiding factors of antiviral defense system of the host plant. Thanks to these features geminiviruses became one of the most harmful pathogens of wide range crops, leading to huge losses in the agricultural sector in different countries.
In 1978, the International Committee on Taxonomy of viruses (ICTV) based on the unique morphology of virions (extremely small size, dual particle) and genomic material in the form of a circular single-stranded DNA (Matthews, 1979 ) recognized Geminiviridae as a separate family. At that time (1978) only four viruses (BGMV, CLV, CSMV, MSV) were described, in 1981 -13. Currently Geminiviridae is one of the largest and most important families of plant viruses -359 complete genomes of viruses there are the NCBI database. In the present-day ICTV recognizes four genera (Mastrevirus (29 Species), Begomovirus (288 Species), Curtovirus (3 Species) and Topocuvirus (1 Species) in the family Geminiviridae, according to the type of vectors, genome organization, genome-wide pairwise sequence identities and host plant range [2] . In 2014 it was announced the establishment of three new genera (Becurtovirus, Eragrovirus and Turncurtovirus that were highly divergent from previously known and, in some cases, had unique genome architectures [27] .
The genus Begomovirus is comprised of 196 member species, representing the largest genus of family Geminiviridae. Viruses of the genus Begomovirus are transmitted by the ubiquitous whitefly Bemisia tabaci and are the most numerous and economically most destructive viruses among the geminiviruses [26] .
Begomoviruses typically have genomes consisting of two separately encapsidated genomic components, known as DNA-A and DNA-B. At the end of 1980 it were found begomoviruses with monopartite (one ssDNA component) genome. These viruses have true monopartite genomes containing only a DNA-A-like molecule that is sufficient to cause wild-type disease symptoms and encodes all functions necessary for replication and moving of the virus through the plant [19] . Some geminiviruses are associated with single-stranded DNA satellites, referred to as alphasatellites and betasatellites, the latter playing an essential role in maintenance of the disease. All functions of betasatellites described so far, are mediated by the βC1 protein. The protein has multiple functions: pathogenicity determinant (determines the symptoms of the infection), suppressor of posttranscriptional gene silencing (PTGS) to overcome host plant defence, potential involvement in virus movement, upregulation of viral DNA levels in planta. There no specific function are known attributed to alphasatellites. Аlphasatellites cause a decrease in viral DNA levels in the plant, leading to the suggestion that when alphasatellites reduce virus titer, infected plants become less affected and may host begomovirus and onward transmission for a longer time period [4] .
Small, single-stranded DNA genomes of geminiviruses encode little number (5-7) proteins and uses the host's DNA replication proteins to amplify its genome and create a productive infection, maintaining a high level of viral DNA replication and distribution. Since geminiviruses encode for a few proteins, so it only supplies the DNA for viral replication and manipulates the metabolism of infected cells to control the host plant's cell cycle, allowing cells in which the virus has used up its DNA replicating capabilities to regain the ability to support high levels of (viral) DNA replication. The proteins encoded by the begomoviruses are divided into four groups: Rep and REn proteins are involved in DNA replication; TrAP proteins and/or AC4 take part in host plant gene regulation and inhibit the silencing suppression activity; coat protein (CP) required for encapsidation, insect transmission and movement in plants; MP, NSP -are responsible for transport of viral DNA. The first three groups are encoded by DNA-A component and the coding sequences for movement proteins -by DNA B [7] .
Based on the genome organization, the genetic diversity and the geographical distribution, begomoviruses have been divided into two groups: Old World (OW, Europe, Africa, Asia and Australia) and New World (NW, America) begomoviruses [21] . According to the modern concepts of crop diversification, there are at least eight major centers of plant origin [10] . There is an enormous diversity of particular plant families in the centers of origin, and less diversity on the periphery. Geminivirus centers of diversification can be identified from the phylogenetic tree built from all sequences available and can be described as the areas where a maximum number of geminivirus species have been identified so far, and a similar evaluation can be done for their satellites. It was identified eight different geographical locations as centers of diversification for "geminiviruses" (Fig. 2) . These centers are: A-Australia, B-Japan, C-South China, D-Indian subcontinent, E-Sub-saharan Africa, F-Mediterranean-European region, G-South America and H-Central America. Together, the Chinese and Indian host centers more than 46% of geminivirus species, 94% of betasatellite species and 98% of alphasatellite species. The presence of this enormous diversity for geminiviruses and associated satellites points towards designating Indo-China as a center of origin for these viral and subviral entities.
Humans have played an important role in the last century to promote the emergence of many geminivirus diseases, thereby impacting their evolution. The greatest molecular diversity of geminiviruses and their satellites resides in Southeast Asia revealing a possible center of origin.
Fig. 2. Geographical distribution of geminiviruses Nawaz-ul-Rehman M.S., Fauquet C.M. [20]
Eight different centers of diversification (A-H). The percentages in circles represent the percentage of geminivirus species, in boxes -betasatellite species, in triangles -the percentage of alphasatellite species. A -Australia, B -Japan, C -China, D -Indian subcontinent, E -Africa, F -Mediterranean-European region, G -Central America, H -South America Surprisingly, the diversity centers for geminiviruses do not match perfectly with those of host crops. There is an overlap between the crop and virus centers for five of eight geminivirus centers, with only the Australian, African and South American centers differing. All of this data strongly support the theory that local viruses invaded endemic or introduced crops, suggesting rapid host changes [20] .
Geminiviruses have been emerging as a worldwide problem since the 1960s, and frequently, epidemics can be linked to human activities. Insect vectors responsible for the spread of geminiviruses play an important role in geminivirus evolution. Persistent and circulative mode of virus spread within adult insects and physical interaction between insects and geminiviruses show the co-evolutionary adaptation between geminiviruses and their insect vectors. Moreover, the evolution Geminivirus through their natural vectors associated with changes in the area of CP gene, which is responsible for the formation of a capsid and the virus spread by insects [3] The emergence of diseases transmitted by whiteflies facilitate genetic changes viral genome mutation and recombination, changes in the population vectors combined with polyphagia of the main vector -Bemisia tabaci, and the spread of plant material or insect vectors in the trading process vegetables and ornamental plants. Since the role of humans in the spread of viral diseases is obvious [18] , recently much attention is taken away the impact of climate change on the epidemiological status of the integrated system Geminiviridae/Bemisia tabaci [16] . Thus, 55% of the areas affected by Geminiviridae are in the wet/dry conditions, 22% -in tropical and subtropical dry/wet, and the rest viruses -in wet equatorial and coastal regions. The climate in Ukraine largely changes in line with the global pace. At this point, Ukraine is not among the countries most vulnerable to the global dynamics of climate change, reports the UN international group of experts. However, a permanent rise in the average annual temperature may result in dramatic transformations in a vast part of Ukraine's physical and climatic landscape. The country's climate is going to be less continental, shift of the climate zones is the slowly moving north and alters natural ecosystems climate. Under these conditions, the main problems are the mass reproduction of pests, erosion and desertification of fertile soil, arid climate [11] . Due to climate change in Ukraine arthropods will change their life rhythms and cycles, insects will adapt to the new, hotter climate. In addition, the risk of non-core areas for certain species of insects will increase. In 2014, as experts predicted, the size of areas contaminated with tobacco whitefly, remained unchanged, but the weather changes (warming trend) are favorable for the pest development [28] . The tobacco whitefly will be not only a great threat to the greenhouses, but also for open ground plants, as the climate of our region may be suitable for its existence.
Conclusions
Thus, to successfully control the epidemiological situation with Geminiviridae in Ukraine, it is required the comprehensive use of various control measures. First of all, it is required broad knowledge about ecology and epidemiology of these viruses and their vectors. This will allow time to establish of quarantine regime and develop measures for successful localization and elimination of the pests. Since, for most alien species of pests a greenhouse is the perfect place to adapt to new conditions, a thorough examination of greenhouses is necessary, especially those ones that use imported seed or planting material. Ukrainian enterprises and organizations engaged in importation, exportation, cultivation and sale of greenhouse crops should be checked and controlled as well. It is urgent to develop integrated management concepts on viral diseases that will combine the plant resistance, cultivation conditions, chemical and biological controls. Decisions on protective actions depend on correctly assessing of probability and possible consequences of the introduction of plant viruses and their vectors, followed by the spread in agrocenoses. 
